
I| II I I II I I II II III I I I I III m i_



AGENDA for SIS Preliminary Design Review (ver. 2/24/94)

Revised to Include Material Added the Day of the Presentation

(Revised and added material has a letter R added to page number)

102 IPAC, Caltech, Pasadena CA

Day 3 - Thursday February 24, 1994

8:30

8:40

Welcome & Meeting Logistics

Introductions & Review Protocols

Incorporate Changes

Experiment
1.1

1.2

1.3

1.4

1.5

1.6
1.7

1.8

1.9

1.10
1.11

1.12

1.13R

1.14R
1.15R

1.16R

1.17R
I.IgR

1.19R

1.20R

1.21R
1.22R

1.23R

1.24R

1.25R

1.26R

1.27R

Objectives and Approach

Spectra of Energetic Oxygen Nuclei

Isotopic & Elemental Composition
SIS Sketch (side view)

Primary Scientific Objectives, Approach, and Capabilities

Key Design/Performance Requirements

Additional SIS Performance Requirements

Operation in the Largest Solar Particle Events

SIS Response
SIS Mass Re,_lution

Collecting Power

Collection Power Comparison

Solar Flare Isotopes

Impact of Reduced Mass Resolution

Solar Flare Isotopes, Estimated for 9/24/77

Summary of Previous Flare Data

Mass Resolution Required to Resolve 40 Rare Isotopes
N-14 Mass Resolution

Si-28 Mass Resolution

Fe-56 Mass Resolution

Precision to Which Abundance is Measured, Theory

Precision to Which Abundance is Measured, Past and Theory
Precision to Which Abundance is Measured, Past & MSU Measured

Solar Flare Isotope Yields

Events per 3 years for 10 cm 2 sr, 5- 10 MeV/nuc

SIS Telescope Current Design
SIS Telescope Possible Alternative
SIS Thin Detector Plan

Swenson

Mewaldt
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9:00 Overview
2.1
2.2
2.3
2.4
2.5
2.6
2.7
2.8
2.9
2.10
2.11

of Instrument Development Plans
Instrument Development Organization

Division of Responsibilities by Institution

Division or Responsibilities by Experiment Element
Organization Chart

Work Breakdown Structure

SIS Development Gantt Schedules

SIS Stack Detector Development Schedule
SIS Matrix Detector Schedule

SIS Mechanical Schedule

SIS GSE Development Schedule

BB Electronic Development and Testing

Cummings

9:30 Instrument Overview

3.1 Functional Block Diagram

3.2 Key Design Features, Packaging Similar to CRIS
3.3 Key Design Features, Electronics

3.4 Key Design Features, Redundancy

3.5 Key Design Features, ltealth Monitoring Built-in

Cook

10:00 Solid State

4.1
4.2

4.3

4.4
4.5

4.6

4.7

4.8

4.9

4.10

4.11

4.12

4.13R

4.14

4.15

4.16

4.17

4.18

4.19Rl

4.19R2

4.19R3

4.20

4.21R

4.22

4.23

4.24

4.25

4.26

4.27
4.28

4.29

Detectors

Detector Overview, Stack Detector Configuration

Detector Configurations, Matrix Detectors

Detector Configurations. Detector Sizes

Functional Description

Fabrication Techniques

Requirements, Thickness Uniforrmty

Requirements, Dead Layer Minimization
Requirements, Contamination Prevention

Requirements, Radiation Resistance

Requirements, Radiation Resistance (cont.)

Key Specifications, Stack Detectors

Key Specifications, Matrix Detectors

Phase B Detector Activities, Prototype Stack Detectors

Phase B Detector Activities, Prototype Stack Detectors (cont.)

Phase B Detector Activities, MSU Measurements of 10t) _m detector

Phase B Detector Activities, MSU Measurements of 1000 l..tm detector
Phase B Detector Activities, Mass Resolution

Detector Fabrication and Testing, Resolution of I00 _m Slack Detector

Detector Fabrication and Testing, Resolution of 100/am Stack Det. (cont.)

Suggested Source of Broadening

Mass Resolution Ration, Observation Versus Theory

Detector Fabrication and Testing, Prototype Matrix Detectors

Detector Fabrication and Testing, Silicon Procurement & Det. Fabrication

Detector Fabrication and Testing, Spares Approach

Detector Testing Plan, Detector Testing Plan

Detector Testing Plan, Detector Testing Plan (cont.)

Detector Testing Plan, Tests of Matrix detectors at Caltech

Calibration Plan, Interferometric Mapping

Calibration Plan, Interferometric Mapping (cont.)
Calibration Plan, Detector Calibrations

Calibration Plan, Telescope Calibrations

Milliken
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11:00 Preliminary
5.1

5.2

5.3

5.4

5.5

5.6

5.7

5.8

5.9

5.10

5.11

5.12

5.13

5.14

5.15

5.16

Electrical Design of Instrument
Block Diagram
SIS Matrix VLS1 Readout

SIS Matrix VLSI PI IA Performance
SIS ADC Characteristics

SIS Discrinfinator Characteristics
Photo

tteavy Ion Strip Detector Readout

SIS Logic Equations
Logic Flow

SIS Grounding Diagram

Power Supply Voltages

SIS Power Requirement and Estimate Summary
Power Estimate Worksheet

Power Estimale Worksheet (cont.)

SIS Low Voltage Power Supply
Bias Supply Block Diagram

Cook

11:50 LUNCH

13:00 SIS Structure

6.1

6.2

6.3

6.4

6.5

6.6

6.7

6.8

6.9

6.10

6.11

6.12

6.13R

6.14

6.15

6.16

6.17

6.18

6.19

6.20

6.21

6.22

6.23

6.24

6.25

6.26

Mechanical Design
ACE/SIS Instrument

ACE/SIS Interface Control Drawing

SIS Structure Mechanical Design, Attachment Points
FOV Limitations

Observatory Layout Top View

Observatory Layout Side View

Typical Mounting Foot Detail
ACE/SIS Front View

Instrument Box Design

ACE/SIS Top View

Finite Element Analysis

Vibration Testing, Sine Survey

Vibration Testing, Sine Burst

Vibration Testing, Instrument Random

Card Cage Approach

Card Cage Approach (cont.)

ACE/SIS Stack Detector Design

SIS Requirements for Detector Alignment

SIS Telescope Detector Mounts
ACE/SIS Stack Detector Isometric View

Purge Requirements

Purge System

SIS Mechanical Design
Weight Estimate

ACFJSIS Internal Thermal Drawing

ACE/SIS External Thermal Drawing

Shuman
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13:50 Thermal

7.1

7.2

7.3

7.4

7.5

7.6

7.7

7.8

7.9

7.10

7.11

7.12

7.13

7.14

7.15

7.16

7.17

7.18

7.19

Design

PDR Thermal Topics
ACE S/C Orientation

Thermal Design

SIS Thermal Requirements

Component Requirements

SIS Hot and Cold Case Environments

SIS Power Dissipation

SIS Preliminary Thermal Design Approach
SIS Thermal Isolation

SIS Preliminary Thermal Design Approach (cont.)
SIS tteater Types

SIS On Orbit Model (1 of 2)

SIS On Orbit Model (2 of 2)

SIS Detailed Model, Hot Cam with 3 Radiators

SIS Detailed Model, Cold Case with 3 Radiators

SIS Detailed Model, Hot Case with 4 Radiators

SIS Detailed Model, Cold Case with 4 Radiators

SIS Preliminary Thermal Results/Conclusions

Thermal Open Issues

Williams

8 14:30 Flight
8.1

8.2

8.3

8.4

8.5

8.6

8.7

8.8

8.9

8.10

Software

Functional Requirements

Functional Requirements (cont.)

SIS Flight Software Event Data Flow Diagram
SIS Normal Event Format

SIS Data Format

Event & Echo Format

Housekeeping Data Format

SIS Count Rate & llousekeeping Data Summary

SIS Memory Usage

SIS CPU Usage

Cook

14:40 G rou nd Support Equipment

9.1 EGSE Functions, Spacecraft Interface Simulation
9.2 EGSE Functions, Process Data from Instrument

9.3 EGSE Functions, Limit Checking

9.4 EGSE Functions, Comnutnding

9.5 Bench Test Configuration

9.6 Accelerator Calibration Configuration

9.7 Configuration Onboard Spacecraft
9.8 EGSE Software

9.9 Instrument Shipping

Wicdenheck

10 14:50 Environmental Test & Cal

10.1 Environmental Test and Calibration

10.2 SIS Instrument Test Matrix

Mewaldt

11 15:00 Design
11.1

11.2

11.3

11.4

11.5

11.6

11.7

Provisions for Specialized Instrument Requirements

Provisions for Preserving tile Integrity of Sensitive Elements

Plans & Provisions for Detector Replacements Before Launch
Plans & Provisions for Direct Access Before Launch

Plans & Provisions for the Use of Red-Tag/Green-Tag Items

Plans & Provisions for Calibrating in Flight

System Safety Considerations Identified for This Design

Operational Constraints Dictated by the Design Chosen

Cummings
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12 15:10 Parts, Materials,
12.1

12.2

12.3

12.4

12.5

12.6

12.7

12.8

12.9

12.10

12.11

12.12

12.13

12.14

12.15

12.16

12.17

and Processes

Electronic Parts

CRIS/SIS Parts (1 of 2)

CRIS/SIS Parts (2 of 2)

CRIS/SIS Dean's Parc_ List (1 of 2)

CR1S/SIS Dean's Parts List (2 of 2)
Radiation Effects

Electronic Parts List Review Summary
Materials

Preliminary Materials List

Electronic Fabrication Materials (1 of 2)

Electronic Fabrication Materials (2 of 2)
Usage List, Metals (GSFC), (i of 2)

Usage List, Metals (GSFC), (2 of 2)

Usage List, Non-Metallics, (1 of 2)

Usage List, Non-Metallics, (2 of 2)
Electronic Fabrication Process List

Process List for Mechanical Parts

G ru m ii'1

13 15:15

15:20

15:30

Reliability
13.1

13.2

13.3

13.4

13.5

13.6

13.7

13.8

13.9

13.10

Identification and Control of Limited-Life Items

EEE Parts DeratingsAVorst Case Analyses
Failure Modes and Effects Analysis of Interfaces

Provisions for Reviewing/Evaluating Alerts

Parts & Materials Sparing Philosophy

Parts Storage Provisions

Configuration Control Practices

Configuration Control Practices (cont.)

Discrepant Item control & Failure Reporting Plans
Workmanship and Inspection Practices

Summary and Wrap-Up

Meeting of Review Board

Cook

Swenson
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Solar Isotope Spectrometer
(SIS)
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The Solar Isotope Spectrometer (SIS)

Primary Scientific Objectives

* Isotopic composition of solar corona

- Based on measurement of isotopes of solar flare nuclei

• Isotopic composition of neutral interstellar medium

- Based on isotope studies of "Anomalous _ Cosmic Rays

• Studies of solar/interplanetary particle acceleration

- Using combined energetic particle/solar wind data sets

• Studies of solar system/Galactic evolution

- Based on solar/interstellar/meteoritic/cosmic ray abundances

amm2arJa

• Two independent telescopes composed of large-area silicon solid
state detectors

• Trajectory/energy measurements with silicon strip detectors

(512 individual analysis chains)

Unique Measuremen_ Caoabilities

• Isotopic resolution of all dements from He to Zn (Z = 2 to 30)

- Typical mass resolution of --0.2 ainu

- Kinetic energies from --10 to --1OO MeV/nuc

• Only high resolution isotope studies of solar particles in Fe region

• Identification of very rare elements and isotopes with > 10 times

improvement in collecting power

• Ability to resolve isotopes in the largest solar events

1.4



i

t-

O > = EE

c:O 3E u,)u_
N O ,-'N
0 N O

, _ 6 66
•-- V VlVlON ' N _ "--

•"T'_ r,,. oo oo_o v

E
N
E o e
U _ CO

(/1
0 X 0 (_

_ _E

m

E
L_
0

L_

ii

e-

E
i

0

L_

O
CJ

t_

t'-
LU

E
t_

v

C
O

li

I

O

t_

O1
I._
t_

4-1

u_ E
N U_
E m ,-

I._ O m

A A _E

•_ O

t- _ t-

"-

o =_-_ _



,<



r..



l 1 ! v !
0 0 0

{ Z ) _.uawal3

0
0
I.Q

L_

r--
W

o 0
om

r".

i



,J

I ! l |

°o _ _=

041 0 _ _o_

°°
04 0 u ®

0 _I O ,_ ,-,_&

_o

o • o _P_

0 • O "_ "- ,.,
o • _a _ o_

0 0 4 o _ _'=_

ff_ @ ®,-,,

U.I 0 m

l t !
0 0 0

(nuJB) uo!_nlose1:lssePl



! T ! !

o
0
0

L--

8

LLI_
0

jeMod Bu!_,OellOOe^!_,elel=!

0



Instrum. Mission

HIST ISEE-3

CRE

MAST SAMPEX

MI Geotail

EHIC NOAA-I

EPACT WIND

SIS ACE

ULE]S ACE

Solar Isotope

Does not take into

Spectrometers
I I
Collecting

E1 E2

14 200

17 150

20 230

18 70

17 150

14 27O

10 155

0.3 1.6

account

I
Power Comparison

Orbit

Geom. Duty
Fac, Cycle

0.7 1

1.5 0.25

14 0.25

45 1

1.5 0.25

9 1

44 1

0.95 1

pileup

Spectral
Factor

0.43

Norm

Rel. Relative

Coll.

Power

0.3

Coll.

Power

0.7

O.25 O.O9 O.2

0.15 0.53 1.2

0.2 9 20

0.25 0.09 0.2

0.4 3.6 8

1 44 100

150 143 324

or readout effects
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Impact of that Reduced Mass Resolution

would have on SIS Science Objectives

Solar Flare Isotopic Composition

• Raises energy threshold to resolve rare isotopes

• Reduces yield and resultant accuracy

• Reduces the number of resolvable rare species

• Fortunately, many rare species separated by AA = 2 ainu

Anomalous Cosmic Ray Isotopic Composition

• Little or no effect on 22Ne/20Ne, 180/16 0 since aA=2 amu

• 15N, 38At are more difficult, but statistics may be the limit

Solar Flare/Anomalous Cosmic Ray Elemental Composition

• Most likely only minor effect since elements still resolved

Galactic Cosmic Ray Isotopic Composition

(Extending CRIS to lower energy)

• Most likely only limited effect since particles penetrate to

back of stack where resolution is adequate

Time Variation and Spectral Studies - no effect

Summary: The level of mass resolution achieved at MSU would

reduce somewhat the number of species that could be studied, but

SIS would still make a very significant advance in measuring the

solar composition. Other SIS studies would be affected only to a
minor extent.

1.13R
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Solar Flare Isotope Ylelds

A calculation was carried out to estimate the effect that

reduced mass resolution would have on solar flare isotope studies. A

total of 31 rare isotopes were considered (from 13C to 70Zn). The

mass resolution required to "resolve" each of these was estimated by
taking into account the relative abundance and mass difference of

adjacent, more abundant isotopes (e.g., 12C) ' based on terrestrial

isotope abundances. A representative solar flare energy spectrum

was chosen and the yields of all isotopes were calculated, taking into

account the thresholds for registration in SIS. Data for a given

isotope were accepted only at energies greater than the point where

the mass resolution is sufficient to resolve the given isotope. Three
levels of mass resolution were considered:

1) Based only on theeory, taking into account known effects

2) Based on previous performance, such as in ISEE-3

3) Based on the MSU results for the 100 and 1000 grn devices

The effect of poorer resolution at low energies is to raise the

threshold, thereby reducing the yield and the measurement

accuracy. In some cases there was no longer a measureable yield.

The table below shows the number of species that could be measured
to a given level of accuracy.

Theoretical resolution

Past Performance (ISEE-3)

MSU level of Performance

Measurement Accuracy

15 5 11

14 2 8

11 3 4

In other words, some isotopes can no longer be studied if the

resolution is inadequate. The figures show the increased

measurement error for a wide range of species.

1.23R
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T5 8.302 1.0 69.4
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T6b 9.033 1.0 69.4
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SIS Logic Equations

ADCor = logical OR of all ADCs

HEn = H timer expired

HeEn = He timer expired

ADC2 = Any 2 consecutive ADCs following M1

MI2 = MI.M2

Pause &

latch

ADC

Y

p

Pause &

fat ch

M level

Mot = logical OR of all M (mid) level discriminators

Hor = logical OR of all H (high) level discriminators

4. = MI2.(Hor + HeEn) + MI2*.ADC2.(Mor.Hor*.HeEn + Mor*.HEn)

.........................................................................

HIZ = Ml2.Hor

Z2 = HeEn.(MI2 + Mlt.M2t.MI2*.ADC2.Mor).Hor*

Z1 = HEn.MIt.M2t.MI2*.ADC2.Mor*

I

I Pause &
latch

H level

Complete

PEA

Micro- ]
processor

5.8



SIS Logic Flow

Y

<>
Y

IHIZPEN }
sort &

store

...................................................... Pause & latch ADC
............................

_ RTN

(H E _Enl

Y y
I ,

.................................................... Pause & latch M level
............................

.................................. r

_- RTN

Y

N

Y

Y

Y

Y

lIs )rt &
[store

N

N
RTN

n_ N RTN

Y

Pause & latch H level
.......................................

RTN

Complete pulse-height
analysl_J .................. _ ........ _ .............

N
-_ RTN

N

IZ2RNG
sort &

store

N

]
sort &

store

Y

Y

ort &
store

N

Micro-

processor
tasks

RTN

v

N

]
ZIRNG
sort &

store
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{,-- SIS PDR

.28vllI-LIMIT EME

FILTER

PWR RET

BLOCK DIAGRAM

LOW VOLTAGE POWER

SIS

DC/AC [
CONVERTER

__ RECTIFIERFILTER

__ RECTIFIERFILTER

__ RECTIFIERFILTER

__ RECTIFIERFILTER

__ RECTIFIERFILTER

__ RECTIFIERFILTER

__ RECTIFIERFILTER

__ RECTIFIERFILTER

__ RECTIFIERFILTER

__ RECTIFIERFILTER

ISOLATED

__ RECTIFIERFILTER

ISOLATED

FILE=500001-9

SUPPLY

___ POST REG ___ +lgV PHA

___ POST REG __._ -12V PHA

___ POST REG _ +6V PHA

___q POST REG _ -6V PHA

t ,, +5V

POST REG ___ -2.5V PHA

+30V

+15V INST

- 15V INST

+30V PSD

RET

+5V PSD

RET

CALTECH
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Advanced

Composition

Explorer
Preliminary Design Review

SOLAR ISOTOPE SPECTROMETER MECHANICAL DESIGN

ACE/SIS EXPERIMENT WEIGHT E_TIMA

• Box Structure grams

Includes all box walls, baseplate &
telescope separator plate

Telescope & Card Cage

Includes silicon, modules, covers,

detector boards (detector area only), card
guides, RF shields, collimators and
hardware

• Experiment Low/High Voltage Supplies

4370

5750

1700

• Experiment Electronics 3750

Including P/A, S/A, Adc portion of
detector boards and digital boards,
back plane, components conformal
coat and connectors

SIS estimated weight

SIS allocated weight
SIS under allocated weight by

Note: Center of gravity shown on ICD

15.57

18.20
2.63

Kg

Kg
Kg

6.24
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SIS Count Rate and Housekeeping Data Summary

Type of Data
Rates

Microprocessor Rates:

grouped by charge interval, detector depth,

angle interval, hodoscope data quality, and telescope
Rate Scalers:

8 detector groupings (T1-T8)
× 3 discriminator levels

x 2 telescopes

+

×

X

48

2 matrix detectors

2 discriminator levels

2 telescopes
8

=_ 56

+ _20
singles, subcommed to 4

misc. rates, not subcommed

Voltages

Leakage Currents:

X

8

+ 256

264

2

detector groupings (T1-TS)
matrix strips

telescopes

Temperatures

Detector Thresholds

Coincidence Logic State
Software Parameters

Total # bits:

Number

236

24

11

528

16

56

# Bits

2832

288

110

5280

160

280

< 100

480

9530

Complete readout in 256 frames (=secs)
=_ Allot _600 bits once every major frame (1.9°70 of T/M space)

8.8
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Advanced Composition Explorer
@

Solar Isotope Spectrometer

SIS Instrument Test Matrix I

Test

Primary Structure,

Structural Analysis
Interface FMEAs z

Electron Part Stress

Analysis

Transportation Temp/

Shock / Humidity
Mass

Center of Gravity
Moments of Inertia

Pressure Profile 3

Electrical Interface Test

Comprehensive
Performance Test 4

Acoustics

Sine Vibration

Limited Performance
Test

Random Vibration

Limited Performance
Test

Comprehensive
Performance Test

EMC Conducted
Emissions

EMC Conducted

Susceptibility
EMC Radiated
Emissions

Comprehensive
Performance Test

Thermal VacS, 6

Thermal Balance

Comprehensive
Performance Test

240 Hour Failure Free
i Burn-In

SIS

A

T

T

T

A/T

T

A/T

T

T

T

T

T

T

T

T

T

T

A/T

T

T

EiectrJSensor

A

A

Power

Supplies
A

A

A

Dig.
Electr.

A

A

A

T T T

A/T

T T T

1. table entries: T for test, A for analysis A/T for analysis and/or test
2. failure modes and effects analysis (electrical)
3 venting of boxes (typically by analysis)
4. first acceptance test
5 with concurrent comprehensive performance tests
6. margin tests will be performed during _parate temperature test, not during thermal vac

,, 10.2
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